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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide parallel analog/digital 
(A/D) converter capable of power consumption reduction with 
a small number of clocks on an image sensor. 
SOLUTION: A pixel signal Vs is applied to one input terminal 
of a comparator 100 provided for each column, the ladder 
wave of a large voltage step is applied to the other input 
terminal by a reference voltage Vc1 t a count value 
corresponding to the number of steps when inverting the 
comparator is held in a latch circuit 1 1 5 as a high-order bit, 
and the reference voltage Vcl at such a time is held in a 
capacitor CI. Afterwards, a small voltage step is applied from 
a reference voltage Vc2 through C2, and a count value when 
inverting the comparator again is held in a latch circuit 1 1 6 
for low-order bit. Thus, when high-order and low-order bits 
are separately quantized, the number of clocks can be 
reduced and the device can be composed of the circuit of low 
band so that power consumption can be reduced. 



PROVIDED WITH THE SAME 




l3 rSI rM c- 



T? - E?~~ ?J-jr l - 

v § r 



- 1 itt 



?r\ — \~r '-art- 

WWm 



LEGAL STATUS ~ 

[Date of request for examination] 1 3.02.2001 

[Date of sending the examiner s decision of 

rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 3507800 

[Date of registration] 26.12.2003 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAIwai0hDA41 4232291 P1 .htm 



<.\9)B*mmtit (jp) (12) <tk ffi fft (a) mmnim&m&* 

#182002 -232291 
(P2002- 232291A) 



(43)4iiB B ¥J&14*f 8 £ 16 B (2002. 8. 16) 



(51)lntCL 7 
H0 3M 1/34 
HOIL 27/146 
H 0 4 N 5/335 




F I 7-73-F-(##) 
HO 3M 1/34 4M1 1 8 
H0 4N 5/335 Z 5C0 24 
HOIL 27/14 A 5 J 02 2 

S^Eif* *T S!**(Z>S9 OL (£14 H) 




ft«2001 - 26478( P2001 -26478) 


(71)UBA 500409068 








(22)ffijSB 


^13^2^2 8(2001.2.2) 


^ift^SSTtJ*^ SR«160S» 2 


















<74)f$SA 100100055 












F^-A(£#) 4M118 AA04 AB01 BA14 CA02 DD09 






DD11 FA06 






50024 CY42 HX13 HX23 HX29 HX47 






HX50 






5J022 AA07 AA14 BA06 BA07 CA10 






CB01 C807 CC02 CE05 CE09 






CF01 CF07 



(54) 71rn?-5 : i;9)V&9mmSz.ft*m^tt-i *-5>te>* 



(57) 



106. 




110 



(2) 

1 

[*$i*ij|#©i5B] 

mZxt'yic. 3Wefcfc«*l8c: £ kirw ^ftfcT^ * ;m 
#«ft#Si^t,, 10 

taw. 

ffi§zgmmK&t^®icxm$2tittmimffi&EE<Dm 20 

[ 2 ] 1512 t 7 - £ b" 9 h i^(C>PtIc;f l>Xfi-7 - 
T-HUlE#BS^E^BMiBJ;t^lS©Jt^|g^*^{fc-r-5* 

f f- l^CC>Fftc;-r 6 * f - ? ^■CWB#18WEE*fWb3 

z&v%£-c. Mie^mfftD^b^risj^jMlKS-t*^^^ 30 
JRfcKKEfT -r 5 J: 5 «c«fiS? nr t» £ c £ if5 
7tpy-fi/W^8ig. 

7- v ^rFgSjgt^JC^fb-r 5B?ia#M^ff ?rmiiaJ:b$5# 
tfeSST 3 fca?>©?jr 2 ©HEEtt&M £ &c«i6S 3 ft & <fc 5 &c 

fltisssft. 

1 ©me«*&iSimifa#M®EA^sPi©F^(cs^3n 

2 ©m)I«if&i!SiH>)ia#Mm)IA^<!:©F^{cgiK? ft 

^fc^fis^ ft/c^ 2 (o^mm^t zm? scit» 

Sii-rsii^Ji 1 x«if^24ciatS©T7-ay - t 7 ^ 

[ m>aoM 4 ] ±{4©s?ta x - * t- v h jd^c mst-t 3 * 

7- -j 7--c^^ttK:^{b^^,fuia#Bg^lEE?rBuiatb$5# 

©©#Mm/iA^si5tc 0t*&-r s /c «o©» 1 <DW£m&m so 



#^2002-232291 
2 

isaMttcsw b-r s Buia#M^JE* m^mm&Atimc 

«&T-5> /c»©m 2 ©mff ttfett £ ? ft & J: 5 «: 
fiSJ£3ft. 

mm&WMKm$$-mz. Huta#M^)EA^gp(ctH^ja5 
ftfessgtf its^Si . mriaift 1 ©*E{ttj&g£ 

ituf BKfiif $I^&© A^jSfl £ ©F!fl (cjgM $ ft £ «fc ^ k: ffi 

f&z titcm 1 ©gt^^i, mm 1 ©§a*T-t b?ibs 

lEJfifi^lg©A^a5i©F H 1(ca:w htiicm 1 ©X -/ v 9- 

> £ . mum 2 <DMK^m t m^&^ms^m 

tltcm2<DX'{ if^-m t . B«ia,5lKlt*S^g© A 
ffl^ratc^'JCcSW htxtcW 3 ©SS*T-£ -5 c 
i «r#m £ t-^»IS*ii 1 X«i»3RJi 2 JciBi£©7 toy 

£. K^2©J^|£it*I^©©A^SPK:-SS*iS^$ftfc 

4 ©gt^? i . Huiam 2 ©stKis»i#e©Aai^Fa 

(cafe?U{cg;t7 6ftfcm4©x^ ^>y^|g£, HylBlf 
>y-)V*-)l K #S© HJ^^JI <t s5f a#P.«)E £ ©t » t* 
ft*> ^rilJRWtc iuia^ 4 ©Sa^©ffe^gfC^ bJ^^c 

&m 1 7!;Mii^4©l>Tft^ 1 mcm&<DTi-at>' - 

t . re ©s«ia 9 s - ^ t* * h ^{c^iK-r sxt-; ^-c m 
m&Tztc&<Dm2<DmEEtmmticmm2tiz>£yic 

1 ©x a v 9 > y^is t . Butam 2 ©m)E«i&?s <tt5ia 

Site WI^S© A^JSP £ ©felfc |gi|£ 3 ft ^ J; *> ic mf& S 
ft/c^ 2 ©^SsS^P £ . BufBJSfelSiSI^©©Ata*F B 1K: 

wit>cm?t>intcm2<Dx-{ ??->y^&£^ mrfasig 
ifi!ii^e©AtH^^{c^iJ(cS:^ 6ft tcm 3 ©^S^T- 

3 ©x. 4 if^&compmffi t&mo. 
mffai^3©ga^£HMfa^3©x-f ?^>y^©£© 

««t.^ BJiB#P.«JE A^lgptC^iK 3 ftr C » S C £ Zft 

®t-?z>m*m 1 x«fi*«2 cciaig©r7-P 

{»*9I7: W3EJt«*Stt. ^2©SlKtti!iI^ 
£. I^B«lam2©S^ifits^l5©Aai*ra{c3fe5'J(c^:CT 
6ftfc^4©X-f v ^>^g£. BufB1f->:7'Jl'*-.>U 

K*e©a^miE£ sina#Msii £©l ^-rft^^ai^^ 



3 

©T XD if - 7Z/9 

tt^Ci 4 -T £ W#JS 1 7!>MM*^ 7 ©l, vTft 
#> 1 ^*cfS*S©T r a y- ^ £ ;^M. 
[I»*3«9] «&©:ft1I^ai3eH^4. W*^17!;MI» 
Jfc^ 8 ©H-rtlfr 1 ^{CIB*SCDT T a ^- xv 5 £ ^s&> 

[000 1 ] 

Mm^ic^t^Ti- uy- (AD^ 
©Tr a ^ff4t£»j{cx'^£;b{i^fc^&T£*§£{c 
[0 0 0 2] 

v *> j\&m&aset ^MtLtij, nrnGLTftwicm 
inter -r a ifm^m-n^m^m lx i m^c t tc 

A D^-r^77S©(i*\ 5>JC4iCA D^tftS^SWr 

1 fftttC&JUec A D^&T S. C ©«fc 5(C1t 
#fi-Cf ^JKA D^T^^ft© 1 oi Ot, ^rR&S? 

02 53 237 4^^HIS3tK "37AfflF PN©&<<> 
37ASAD»?:M0fcCMOS-f^-i>-fe> 

(Rtf^S.I PU200 0-5 7, pp. 7 9 
-8 4) ^cc^snrc^^^y^a-^S^MA D 

bucsb* r *>[si?g3ii«^ # < tz 6 a t» 4 t, » -5 w 

[000 3] S9«±^<D#l¥<2:^4BJ:0'3S[®;«C^$n 
rt,^. ?ijC£{C5»^xa-^^AD^S^r 

c-e«4tf x4?U©TH'tt«:iBS3ti-ct^„ &i®fg 

tttf mtiLVmiii LfP ')■& y b <Dffl'&£tf *> tc#>(DftmtR 

•7 h ui?x^io4K:^?n. c<DU7 b uyx^tci 

£ft£,, -e©-y->:7\iu*-;u K(5JSgio5©ffi;*?{i-*tv$«: 
2 o©A#fi-5f ©Ai* $ £J±8* L X "H"*/ctt"L"© 2 fit 



C3) 1518 2002-23229 1 

4 

J±$*i§©fd2#© A* K tt#JRWffi«-fHS£iaKiQ6«c <fc 
0^bfti#MmEEVc*s^^.e>n?>. C©J±l$ggl00© 

TSfci6©7^^[51SSl08tCA^5tl. C©7-y?-|5]Sg 
fC«J:fc$^g©m^S4EL/c4 #©*; ^yhf- 

*#sn&. c©*^>i?io7©aiA7 r -^»#MsjEvc 

©mEEft*tE£;i</c2 ffiftft-^T-* *) . C©2 Wtff-sf « 
ft -^Mio9*^> t rs 7 ? ^iikcc t- - ^ a^j ;* ft , Jt 

io $5gm**iJ5fe-r^4#. -r£c*>i>{i-^Evs4#M^I 
ffVc£tfc$$ OtSt^-a L ft: 4 i* fc # 9 > 2 ©Hi;fr -5= 
-ffcfiS&TS. CluefcD. S^^leisgcc^jift 
/c 2 fitffcx- £ tefs-^0EVs«:*f J£ L/c 2 ffi^tff^ 4 £t 
C07-; ?(51SSl08r^5n/c2 Wtff-^tt. * 

^>y h ui?xanio**3S-r*c4«c«fc»)<i-9«l!iD9* 

[0 004] S9«C*sW^iB^i0l4lf K 
088105©*^^^ L-fc©*50 1 0*jJ;C>'ai 1 
•C*^>„ mi 0 (,CiH,>XWmit? * l-^-/*-KPDi 

£Mre$fi£;*tt. h v>i>x^NtUiilf?WicPD4Sii;M 

^io3*«^-r^„ c©se«^±fc5Jif>-7'ju^ 

JI«C^!-r-S/ci6©, m?W*ltfcJT>7' (09©lO5CCtI 

^) «%ttenrc^. c©m^mT>^«jg^tiits 
g204*©Aa^(cJt5tj(c^:C7 6nrcx ^ ■> 
^2i4^a^22T^fi£3 *7Ji(T©J: -5 K«ifp*sff 

s-r, ^^>^is^-2i*^>LTsa^-f22© 

'J-fef Y*'iT *?. ■e©f*X^ ^x>^^2i?:^7. 0 
30 select="H"4L,rMl**>TS4. PD(Cll?nri>fc 
(t-^^*^S^22(ceii$n, Vs4Cft-^^{C*tj£; 

hSWcttSlifti. C©^Ml=&^-7{CtT*J< 4. M 

^WiB.vsir-xoxmzmfrm-r tabic x j ^> 
2i**>? z&x^mm^tcjziomftztiz. c<dm 

X$>*). CfiXI^V^ffiflSntUSWKAD^ 
tf^.«St-^C4{C^.5 1 , 

[0005] *rc. SI 1 «Sj^rt«:WlS?r^^ilj^ 

40 m^Lxmm^m^^mmmmm^ ^-v>-k>^-(Dmx 

$>Z>. mmiit. y * b 94 K pd4 . l^i h 
T i>fc*©y- h^4> resettCg^S ft/t U -fe hffl f- 

"fSh7>^Xa?M34. M3©Ui^)*Sl[<l^CCS!«U-C 
S6l-rS/cA©y- hJ&*4>select-e$IJt3l£*i£ h -7>S^ 

x^Mi-c^sn-rt^. iaio©^r-«. mi*^-> 
brfi-^4jiJ«-r^4. g?ttsL4(iiB${c(t^M*5ij-fe 
h snsrc*. ^aiC/ffl4 >; -fe ^ bm<D'irmvimm& 

i02«tfC4(C 1 *-C*ffir^/cA5, Bj^lfitlS-f'^- 

50 ^-k>vvizi i cc^T«t-5(c^mL-4 ? bmnic 



5 

KZtceb. ffSfRflretBttBtULffl (4>read) i'J-te^ 
hm (Preset) ©2#<!:tt*3. Ztl^timtiiLm h 5 

m&m ^m-ioxc it «§ h =y > y x £ m3©«^f <t a & 

ti. 7 23*r:OL-C. C©«^3 n/c ai^mffVsfJ 

#©«c:A:fr3tt£„ tt*$. C©ElTtt>'<?7T23£iE*S 

yVr23im< Tfcltifrttt*. COJ^Ciffis&Dff-stS: 
R»fflt/?l>&JII9MK:;U » ^21?r^>LTSS^22 

>**HKt**iK /< •> 7 r 23£i£W . ^fS^ltiSS©.* ^ 
ttSS A^3 W> f - # > X tt 6 l£-> < v y r 2 3* #Bg C t m 

[0006)01 OfcitM 1 (CBBRi+»->^Ush-^ 
^&nr£aW£01 2©£^3>y^i>-h£fflt,>-Ct8 

tci§!R s titctf<Dm%imn*:m& m v xmmmts £iats 

«<l>read*i*>Lriii^<i^^mb, HcWM h 

cooo7] Aommmt^m s titer -r a ymm^ 

^ k tbssmoo©— #© a^j (cEfito s n r i » s . $ fcit 
^soffe^oA^fcti^BsmBEvc^Entti^n-ct^., c 

©#ffS^EEvd;$:0 1 2 &t7n-r J: ^ IC&fffli. t ^icWEtlfi 

f<a -j ^ccLKj^AA^ti^^^^cDfcB^jr'-^CDATA) 
& 1 o-T-^xTt* < . 12 1 2 -CGJDAT/vDff-^Ci 4 f ? 

#MmffVc>&tb^r-Stb^lO(XDa^3O/comp)i.i0 1 2 

cctk-t J: 5 «cft-!fmjEvs£#ls^l£vc#— Sc-r zffi&x 

K&P&ftTS. C©#$g;&5^<tL &:£#©#•}>£& 

9. 7v^sn/c2«ifb<i-^«T^p^-^mEEvs«:5ipf 
JdIz/ct^* ;Mt#ffi£tt£. C©J: Sttttfpj&yEWtC 



(4) #Pfl 2002-232291 

6 

[0008] ft*J. H 1 2 -C«#ffBmHvc*ili^fl<J{C^ 

S9-C«|^Hj^^0-^-r<^-5.fc«63>>'<U- 
f ?:^illA^^:Tfe^Lra-5*5, ^(cfJAm^P^ 
{cx>c y^7&5g:W6*ifc>f>-'>*-^<b, *©A 
io Mc-^amm^titc^mayi&^mm^.^ a v ?-cm 

[0009] 

[^^P&LJ:^ t-TSlSill] tLh-CiftBj^fcj:^ 

[oo i o] hi 2-a*#^>£«4 kt^ h^-rat)^ 
1 GMUfrya v ^«rA^>l/-Ct^C^ ccoxtsfv 
y?mt8 t'v hXitZ 5 6P. 1 0 t'? Ftii 1 0 2 

4m. i 2 1*-? hr«4 o 9 eisiA^-r-s^s^a-s,, 
e-ca^/cjf). coftmfrhyn ■??<Dmmz&&xi> 

8 k'-; hT250nsec. 10b* -j h-C(*63nsec, H\z v t-X 
Wl6nsec(C t,&W*l«& ifcC*l(Ci *>&(,ii:fc 

■r2>ica!:t$m<D>*-4rxmmz*$ < t 

40 [001 11S6K, hb*5S©?S^dfc!)5A#< tt-Sfc 
fePJ^Wttrasii LT^©J: 5 ttra«*>«£T*. 0 9 

^JftiitC<!:6 3'-5?r^tt^ < , -e©fc*f|j!S^^>^y 
7> K^^xcA^ttmit^n-Si^SsiEtcj:^^ 

r . «f tc ^ g ^-s©Jt©sr «-€-©fgJE|!f TT L $ t > 

m^mcmmift£Lxms<D&K>itm<x$rj: < & 

50 *„ C©fci?>. it^S©>»N'-/TX^*SA*<tt^<!:ti 



7 

A >*> f 9 > F 5 -Y > < Wfttffr <=> 
[0012] fcLWcflWMjftffrti 9 ?M8Wfc*;«>2 

». ?U&?tJJ&5£© A D^SS-gCt C©?g»®£© 

tttmtftt 6 tt v » <t c » 9 ramZM&T £ c £ cc* 
[0013] 

[ffS£j$?&-T5>tis6©^i£] #^fpi-cttisjg£8?&-r 

F#©*^CDHi^JI**ai©Pi©ig?^CD# 

ia«Ei]t«r*a»©tb«#S4. ±iB#MHflE©^ 
YttcrsjK? it^x s*ai©iig©i£©x 7- v y&zm 

5*s? J: 5«c. m&Mx^mztic&Vh 

Srltffc©^- * f ? h t&c&v) . Brttgi:©^- 

z&mmmm^&zmv , i&WBiriBT 1 - z f ? h m 
ictifo? h * f- •? y ( m a izmm. r- * t* ? v momr 

merits vtefr^ntcm-siciitf z>> mmtn^fs. 

BE«f#^S{CT^?nfcwifa#MSff©fii*e.-Si L 

xlfStf-^t^ H«D*Tfi[tf9 Kc^flC-r-SXf- 
-CH0te#flsm)E ; &|ig©^4c^tSi*^»<fc i 5«:« 

[ o o i 4 ] ^wcisii-c fifia^-^hr y hi«{c*t 
trwfj^ m^mwif-n^y na©sT<ab' 

&#JiBmEtfc£igRf*, ^^©milBf 1 - * t h 
Tft b' 5. h ftjtf JfcT •£ X 7- 7') THa f B#B3^jJ £^ft 

tcf8^$ fin c t im $ L i \ 
[0015] *^tc*$^r. ±ffi©|RIE"?*--* fcf » h 



mm 2002-232291 
8 

i ©nm**^ L . TftCiwIB^- f t* h ^CC^tlET 
B§miEA^gB(C#tif&-r •Sfc*©^ 2 ©^JE^jfS i (CS 

ffA^jgp i ©ra ccg^ s n ■& i ^ (cfitfdc;* n/c^ i ©^ 

£ . bu IB^ 2 ©^EEfftt&ag i BtTiB#RSm 
EEA^SP i ©RBtC«*£ 3 ii ^» J: 5 (C«t>&S n/c* 2 ©^ 

[0016] *^{CfcC^r. i&WmilB^-^b'^ h 

E*B«IBJ:t*5*IS©#M^ffA^gC«:^-r^/cS?)©0 
l©^EE«^zSi. TffiWSfrfB-^-f h^CC^CDf 
Wf» ^-CKS&ttJC^k-r ■5.milB#M^IIE?:m(IB# 

iB#p.msE A^scic a^gp*^^ 3 n fcsfewi^© 

i. fflrlfi»l©SE^^iBUlBjg^itiH#S©A*a5 
<h©^(c^3 J: 5 (ctt&S ti?c»r l ©gfi^T- 
t . ig^ 1 ©Si*^ t i!?!BJ5$Kif *§#©© A^3gi5 i © 
MKl&W 6 n/c^ 1 ©^ 4 v 9 > . mrfBSt 2 © 

mffi*&^<hBflffBS«itiPs^©A^igpi ormemmz 

nSJ:^Cc«fi£$nfc^2©§S*^<b, Buias^*tfi 

^m©Am^;Pa{c^J«:^:t-t 6 fttcm 2<dx4 

^m. t . fir fBsifcWi#ig©A ta^ra jc^^jjc^w e> n 

[0017] *«fKtel>r, BfllBltf^Stt. 02© 
SKit*I*e i, 2 ©SIE«MB*a© A^Wtc— jg 

*sgs^?n/c^ 4 <D®mm*± . mrta^ 2 ©sK*i"ii# 
f3©Att};>jra«c&Wcia:W 6tifc04 ©x^-^>^ 
©6. BufB1^>7VU^-;U F#©©m*fiJIif(rSB#M 

^jbe i © t> -rti&z mvimic mnzm 4 ©sss-?©ffe^ 

K»*l5JtB&J& 5 ©X W » ^> C 
[0018] 2|s:^{C*5C»-r. ifi©|fflf-$i;? h 

$mm^& i . BijlB* 1 ©HJESM&Si i BMiBSfeliifs^ 
©©A^gPi ft£ «t 5 (CftlS 3 tite* 1 © 

SS^^- ©SS^+ i Mi BSfelfifs^lg <t © 

Pd]K:t3:we>*ifcffn ©x-r 7f>^#S4, tiff b^ 2 © 



9 

tern 3 (D'g&mTRvm 3<dxj v^womsm 

[0019] *»Wtc*rt»T. Mfttttft^gttt. JB2© 

KisiWHM* 4 . test) 2 ©siswib^iroa u^m 
> y** - a K*a©a*«E 4 f(rffi#«gsji4 ©i »r 

h*«WW)KttE» 4 ©SSSI^©ffe^fcSli|jS«5J|&ft 
[0 0 2 0 ) 2f:«WtC4jl»-C, IMEf'S^.iKS-fHBJ** 

[0 0 2 1 ] *fc. 2|c#6W©-f>-y-fe tt&© 
#*S&MIHF-£ . 1 75S»*1 7 ©l>-m*> 1 3S 

«E««re*«^ft«^«c j: nrft s*ee 

r a y - ^s? * )V9£nm t &*mmttJtK-mcn 

[0022] ^©iW^WiltB, ftH 
*>6©ta*«EE*. ftii©Pt©feW©#«gSHE£i:ti5-r 

*««©j*«#«4. ±8E#jswff©a{b«:i5W8or# 

6 , ±E«Jt«#»©tt;«9S*3&«< tr £ B$© * 

-r&j£3E#©4. SrWT-ST^P^- T^^l^&gK: 
Mi22fil^fc7 t -df=&±&b'v F4T<&e* F© 
2-3«c#Wfc^*Jt4I^«&=FK4, ±fit, F4T 
tie F tc»(B Lfc 2 -3©»©«FK©*«8«ff **tfc« 

scc^ajc-^x.^^iai. let, htc^fjc-rs^jg 

[0 0 2 3] C<D^^CC2mit7 : -^^:±(iLfc-y F4T 
fits hCC^W/c^^.TCtie.©±fire^ h^Tfiies. 
Ktc*ft6-r&4>fc< 4fc2r?©#J|gSIE£ffi<,>-C]*&-f 

6 * a ? p tfi&mrci> -> tc<Dtc%l u r . *2£Bj-c«±ft 

4 e? h^n? ^SSC 1 6 *P 5- ^tC. T[44 F 
^OfPyj'ftl 6 >P> mutest 3 2 *P?*4 
•»^WO- 7'S© 1/8©>Pj *»T|3J D 8 e 9 
h©ADSEg**fT9C£*t*FtB4ftS. c*i«cj:D*ci 



3^ 2002-23229 1 
10 

? *m?£g< f-S C S/c*. Jfct8SS©SIS£Bi$ 

ra*+^ec£Sc£*soj«g£^0v fl*Wl»©ffiir»tt:« 

(c. ^n^^ja^*>iS<?cSfcaf)*'5>^^©f r i-?$ 
^■C©/BfW»*>il>tt < ft 0 . *46ttftf9S8fc{SK;P 
nJirl4ft£. 

[0 02 4] cnB*^j»ffitc5r*«if3ai*ti^:* < . 
^>fA^tl-^STtt 1 0K>h, 12 tr? FT"£*7 
-en 1 024^0-^, 4 0 9 6 ^ a y ?tfj££&(Z>Cc 
*tl/T. *^Pttt 1 hT-«5e* F#-C&£3 

2^a^^©2{g©64^Pvi' 1 12e^hT»6e 
? bft-C$)2>6 4? a v ^©2{g©l 28^D^i, 

*n?ni/i6. i /3 2«c*p ^st^ffiisr-^ 

> * c i r ffi^-c # s c <b 

[0 02 5] WIB«E««*S«. JtlSWOA* 

±(4 e v h ffl©#M*E*s>ris» i ©^Bfc-^^. sis i 
moigmns.&m 2 ©sss-? *ait. mi <onmm 

[0 02 6] *fc. l>rf2#M«ffi«NF#l3€r. 

«r»Ba0»tt*S©A*«C— «*»»«34ift:S| 

1 ©^ w ? t . %.&wvs£m<DAmt>mtc& 

3 ©^s^^-i . wria^ 1 ©x ^ ^©©ffe^tc 
— ^ 3 n «> -5 — iatc > - f ^©© 

tH*®Ed>±<4 e ? h K»jfr&#JW«BE3i»©t»rti*> 

<«jw (05) ©x-f ^>yfMi>i/t^xe»nsi 

1 ©^ffiS^i. ■C«|J5R3n€)-9->7';l/^-iU K*S© 
ffl*«EEi±tte» Fffl©*JH«ffi4©a«-«EE*it« 

4 Buis-steiiits^mA^;^^- 4 T(4 e s» f mo&mmK 
temicmt. »2©s**^-brTfiitf» 

EE*^**<fc5«:#JiS-j-*©#m». CtKCtOtHSW 
©A^JS^FSe»-C©SF^fi©iJap*SW«C < < T-5 C 
4*sr-#^»/cfe. Mt» F4Tfiit*i; h©^^^7'© 
ib*J;»3iESiCc-r.5,c4 **?Jtt 4 «c * . 
[0 02 7 ] 3 6CcStfSSJSK«iB#a©Aia*nBtc»W 

2 ©x w ■» ? > ^#»*«*att»4 ft o fcOBfii 

*Ktftr S 4 IT JC. SIE«Mi^a©Affl*IB«:«W 6 ti 

tern 3 ©§«*^©s»tfi#sffl*ecga»-r 
js^it"ti*sm^*> h m o ffi-rm 3 © * w ? ^ > y^s 

4. ^©WW^nfcgloffifli:, tb$5S©C-tt>d 
ct 0 . sa*«wtr * s^-iussffiQ^/jN? < -r ^ c 4 as 
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[0028] 

mm<Dmm<omm m 1 mmmm h i ic^miz 

oorwi^— ©f^t'^i/ti,^. 0 9£|HH£{tioi«: 

^/c»©?Til!Rm^l02K:^3n^»<!:<tt(C. MM 

?iJc:i{cswe.tifcattM^io3«. tf*{4r 

5{cA^3*iS. ^©I^:/^*-^ F@8§i05©tB77Vs 
ti 2 o©<f-^©A# 5 ZtmV X "H"* fc«"L"<D 2 fiHb 
ft #£tB7rr itbRSaflO©— * OA^JKlgi^S tl •£„ 
CC*-C©^«09<t^<l5D-C*O. B^-y>^* 
K@8S©8lJjK4>B 10^11 1 "C^U/cfllfiSi 

[002 9JS9 £S&£©(iJ:fcKig©flfe#©A73r A 

0 . c©A^^-4C«#.B§mE<l^^lelgSni (IB 1 

fC. C©#B§mffVcl3:<5lf#-tSfc#>©— ^igiijn 

C ©igSCLJC « . & ^ log: W titc^MKis^^ 
0SS112 (^2©mHtt*&®) r^bre#fl81IflEVc2# 

3 tlA:#MmiIVclK:^ b r SMi:bC2/CCl+ C2) 

<D^x-^mmBEvc2<oms. settle*, h n 5 „ 

[003 0] CCD#M®Ivcl«X^ * ^©FgSi^M 
-f-C&O. Vcl#ib©S©L*l>ffi£ft£A7Jm^miEEv 
s**fc<-mr^rJt©Sioo®m^WSS-r^. ^-©&# 
Mmj£vc2£vci£«iM;frfr«:x-r * 7"tttc^fb;?-b»-£ 

1. S6.tCfe5 l|5Iib«»100<DUJ^J«S(E-rS. C© 

£ 113© 2 filfbM ^ffi7l£ JtttS r £ fclftw hixfc =7 -j 
^IsISgnstcfi^-f -5. 2lHlg«*'5>d?ll4©2 
fiWbfi^ffl^itfjmcitc. HKfc*. 1 og&tt^ftrc 
y ? ^15ISSll6{Cffi^-rS„ cne»©2o©*-i;>^ia3 
*J<tO*ll4©2 ffl{bfl^!*ff^ll7. llS^CT^ 
y^HSgCCA^^nSii tec. 2 o©^ v ^mssii 
S. 1164C^3*i/c2ffiMb<i^(i. *?y7H,i>^^ 
SrjfeST -5. C £ T-ffi^ll7. lisSr/l- bt 

7'^(c^fbL>rl:b^tH^©SI£{CJ: *) 5 ? *m*&fi& 
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S C i r-jgfe b7cB#*©vci©SEE^^aci«:«f$-r ^, 

[0031] c ©j: y teJtisstc^* *>mmw£* 2 o 

©ff-^Vcli Vc2T^x . Vcl£Vc2©* f- ~j :/t£©^Efc 
<k "5 lt«g©A*JSg^- s - Kr^-TS ^f»; :/«JEfl§© 

F iTfit-; h©2otC55-W. -€-©_L{5tr » F iTfltf 

? F©s^tfw©Jt£— $nr&£*>«:i££u 
113© 2 fiffb^a^j £#MSJ£vci© ?Vt<r>mt 
10 CCftlSLrtJitet:*? F{f#£L. *7'7>£li4©2ffi{b 

[00 3 2] 8 t'-^ KDAD^MIt ^iS^fct, 

±{44 t» h. Tfi4f, Kc#W, vci^Vc2{CJ:^l:b 
$5SA^*S^-©Xf- ? ^EEHis©J:b* 16 : lit^i 
£4>«C *-5>^ii3-C±{44t:*? h£*7-i7>f-u * 
•?>^H4-CT(44 fc'-> h*^>i;> h-r&„ $/c. ^ -^ 

^iasgii5<!:ii6^-?-n-en±{44 f -^ T(44t--^ h 

?r(S}^-r S J: 5 «C*J56Tfi« 8t'?h ©A D^^rtf 5 
20 Ci*inJ^<*:^2>„ C©<t ^^C^fig^i-SC it, 19 
©tSfifc-Ctt 8 K h©AD^?rtf ^©tC*^>^-C2 
5 6 Xr ^ 7"©* > h «-9?c©(c»L,T, C©t8>& 
> ^ii3-e±{44 t* i. h ^-© l 6 x f- y y\ 

•7>^114TTfit4 t" ? h#©l 6^T" ^ 7'©lt3 2X 
9 ©«S£(C^ b T 8 {g£ -Cg < -T -5 Ci v 

30 [003 3] ^(C0 2{Cv ^^<i-^*^£$-li'Sfl(*& ; ] 

L>TJ:0if L/<«j^^^-r^>. S2tc4s(,^rvstJ^> 
FlslSg«:^3*irt^A73fl^-c. vaiv 

So x-r-^swi. §fici. a*5cfcc>*J:b$j?Sioo«S 1 <t 

15 D^-C* 0 . mm<0—^(DKtS « A73fl^VsA5 

•5^. ^>n, fte^©A^7«:«^ W ?swi?r^ L-r#Mm 
EvciX>^x.e»nS££4>tc > ib^^SlteL.7c£^©v 

ci©mn^^f-r-S7cfi!)©ssci*5^we>nrt^. * 

40 fc. C©tbt5SA73^^C«l?SC2^Lrfc^ l o© 

#M^QEvc2*^xe>nr^.5„ tb$j?s©tH^i«ffi^© 

A^ffi-?^ "7 -Y > K ^fg#4>wi*^il 6n/ciwiDlHlS8ii 
*/M/rR-s7 >) yv'-yu >y'iA<D— ^(cATJ^nrii 

S„ C ©R— S7 >; j7'7a y 7'l4©ai^)A s ±fii > h © 
•5. &*5, C©7 y ^{t-^4>LAl{i^'{ y^SWtt©^>. 

fte77©A7^^¥-«: ■> A > K -7ft ^*w2*5^^. *>nfcNAND 
50 (Hl8§i3?r/M^r R- v y -y p » -715©— mcKt) 3 
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* f ^ > £ m^^r 7 7?r5 tc&xd? ?m^<p la 

[0 03 4 ] C<DmS&0>tbft*m3<DZJ + - 

7'7 o^^Hi5*y-fe9 hirs«3i§rc£>& 0 

?n^ 0 £/c, «#4>rrt*"H"£ft!3 v R-S7';^7^a 
^^SBS^y-fey h£*l, ^ * ^ft-^4>UVli4>LA2^" 

K'i^c^o */c, c<offlifflw:*'5>*<Dm*f ? -*fey 

HTCfcLbtt v F JB©#fl8«EEvcxW* ? zf^Cc^it 

MWWtL,T±tt2fcr* F, Tfft2fcTv FiLrfcO. * 

te— ST o WE*** # < ft S <h . -etiilllG WE**Jt« 
SOA*4irf-*EEvc0il/r^*.e>*i*. B3-rttvtott 
4fg<DX^~;Ur^0Tt>£#. T^6T2(D^(DSP^ 

wa£r A* L /cNANCtlgS £/Tf C <!: *t <fc 9 #fl8«EEcMi 6 
ft«#rvcl©Sff*^r*<fc5KLT(,>S. C<D£ 
^ > MiH 3 0<f>v^£ Jintf ;b*>£ £5fc:^>F^ 

bT**!K aCcfi8*3tiS*EEtt#JH«EEvcaj©KSO 

KBOA^iSH 1 K** &*EEvt0BX4 t 0 ft t>. 
[003 6] #0[>88Pi8T3r«, ^(D#Mm0EVc2 
*vcii»iJW[ni{cxf-y^ttCcTCfSii*>tc. Tfi 

^>h^>Lft#<E>T{itf* KZ>«^Hb*tf5. CCD 
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£ * A^W^WEEvcODWEKYk^iflEtf y b £ T(4 
fcf* KDS*^W<DJ:ki^t/< ft*<fc5ltT£i#S*** 
£o 03(D#^S>^**~Frtt:±fi2fcf? 
F v T&2 fcf* FCC#ttT4fc** F<Z>AD^&**t5«£ 

RfO A^liS-T-aEEvcocDfllEEX f - * ^ttfcS* It, T<4 
t** hOS^b^TOch^^VcOCDSEEX^^^ig^rtu 
^cd 1/4 £ LTi>& e co/c#te(*3ggci£c2CDl:br 
SBST*^ #JS«EEvtliVc2cr>x^^^<C)thrBBI'r 
tltffit*. B3ttCi:Q=3 : 1 4 UX AfcSH^BBEVc 
(XD±atf? F£T&fcf* F0DJfc*4 : litres. 
cOct^tccco^y^^oibSjEBiccUj-rcir, 03 
**rfet>*«J:5«cit«*^A^^«Evc«i % ± 

A2^JSlELrC<D<b*Oy7^>^f :: -^ (DATA2) 

fit: » hffl<D^ ?^BRtcfim-r«. c<DJ:^Cclt± 
h<DX, 7jc¥^@SS^C < fcOCCDS^ 1 fb$n/cr : -^?r 

fm <p la2{* ^ >r > f vm^ &w2ic & o mm s n/cwra 

CCL*»*fel/ftl^<fc5«Cftr>r(r^*«Ctltt, JBBIT2© 
<?: * tC ^ SCi*B <* ft:d6ec» WT I » 

[0037]S34S1 2<D^?^ 5 >^-r- h£i:b$$ 
UT*>*SJ:5^iil*©fi#«:R*fflrWIBTLtl»< 
4, HI 2TB4 tfy FOAD^fftT 1 6 ^Uy ^9 

CDHt3: A D SaM^^MfcVK < ft£CCl/fc#ioTA# 
<ft*5o*. m^l/Ai^l 2t'^ FCDAD^tt*Se** 
5£T*ff 5 t4096^Py ^^Sft<D^C^b, 
^rt* 1 2 8 v ^fc'tfrfllr*. Ltc&^X#rfr3< t 

[0 03 8 ] [»2IOfc»«] Hl*J<fcCf2TttSil8* 
to* 0 < T5/£#>KJ±$3S£ L.T S»A**a5©H: 

«cj:0«lfc3&s«fiE'r*fc«>. — MWfcttB4«^'rJt« 

*fflc^cH86Wfc-^ciria4{cs^*att93"r*. 

[0 03 9] H4^fe(r^rH2rmbfclt«SlO«i. 
Affl^JS^mcc^-Y -^^SW3 (JV4®X^?^>^ 
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A -j ?smiZm 2 4IU C <fc -5 ft«SK£ 4 0 tb$5S©A* 

•c*-s^fic3fcg^^nri>5. ft*$ia4}ctt7nUT:u 
[0 04 0] c©Jt«*m*#©J:5tcSWl;TS. sr. 

X -i 9 * SW34C <fc 0 3tlSfc», S»C3©Jg|£*il(i 

gA^^fiomjEtt . &M)%m& i © L, # c ifiimffivt 

h4ft£. gfc. C3(Dffei^«XW y^SW2*SA^ft#mU 
VstCg^Sii. §SC3CC«Vs-vthOm£E^te®?ti 
£. -eo^W^-ciiswoti^-^^-^ti^Jc. sw2«# 
M^EvciffiijK^M^ n#M^ffivci^«S 3 K^-r J: *> 
-7tt<DHm&5-Z. e>*i£„ C ©4 £^ac3(c« 

^ffVcOfiVcl-Vs+VthiftO. JgfeifitlSl 

© l ^ i >ffim)Eavth-c* -s tcit . #m*evci#s Afrft 

•to, B«j£©^li6094i^fi£(t;w ^swd^*? ire 
©4 £©#MwJ£vcittci&cG?}#;i ft.*, 4 4 &cc. _L<4 

[0 04 1 ] C©J:5K^3?AioMS4ffli)J 

4 V 02-c«^B#ffi^©A*(cEn*n^nrtifcft-^A^; 
vs». 0 4 oM^xitm^ma i,nx"?i> $ >i>m<o v 

i(c§sc3«:SBtt sn, •€-©*7-fe^ h ###bs^ijee £ 
© l # c » mw£t>m h » r lEsgft it^^f ti & „ 

D^»CDfi§g£±tf 5, c 4 *ipftgi ft 

[0042] [msmtmm] m2*sj:vm4<Dnmw 
r#flgflSff vc2*x7=-f Otitic** zzct-c. _Hat*? 

h tC^-T SHJEX 7- y Vt T(4 fcT v Y <DMEE X f- 9 ?'<D 
c©ck5ft@Sg£8tiirrS4t«:{;j:, tb«B©A;WB-?- 

K{Ctt@8LhK:ttift£*ifti». X-f y rstn-Pkt 
©SlO(XDA^SStC|fla-r^tF^fi*s»CEL. •£© 
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C 4 tttt L- 1 ». #CC A D %ztkm<DM*i b f h A * 

< ^c^tcaei^ gfitb^j: oiEsicc-r^s*5*s/c 

[0 04 3] S5fc*jt>rl:bl5gioo»a4i|5lt;»^ 

■rAUi^r^Kx ■< 9 *9m.z&tttcmm%m&ih *<da 

(m2<D®mm*) ©-^jg^n. ttit><D®m<D 
ftkJgtc»#i§m)Evci*j j; o*vc2*^x 6ti i>ms.t n 

ri**^**. ifefc, #Bg«Evci£«f#T-5fc«>(C 
^*c54SKi'i*aS2 ©A^^-cDP B ltc«x ^ y ^swi 
20 (^l©X^^5 L >y^©) m 2 <5S4i 

ftfcI5(C{JSL,tl>ftl>Ai, C©i:bljJS©ttS^Vcomp 
©5fe{c«02 i|S]«fe^-c^ y SHRf 

[0044] C ©J: ^ tt« jsS* i ^ c ir#M^EEVci 
*J <fc ^Vc2«tb$5Sl00©A^{C ^-n-en - C5/C4. - C6/ 

30 C4©y-f>£fc-ofcJ5ieB;frT-£3§-r£o C©i^ib^ 
S©A^J«c^ 6n-S^II«S^filiI^2 Jr-SWIW 

^wis©A^^^a-^x y ^swi©^F*sa*i?? 

liT^As. c©y-K©mfiE«. S«*iifIS2©AbH^i 
ratcs9:W hintcx A 9 9 1 sw4^ac4{c c fc 0 ®S*Sj!>^i 

©Sfc5Kc??aE-r S^SatttJ^^EEtCttUS^Sti? 

40 jSdF-{c*j^ Z>WJ£*. -r y ^'©J:b{JaF^a©i5S* -5 W 
-r^CC5iC6©^ai:b©^K:cfc o "C^S ^,/c«s!)iEJtKl:b^ 

[0 04 5] ^tCC©@K©S&ft*06©5f^ 5>y^ 
J: ^ «c« 4 ^J4H 3 4 ©-9 1 ft o r t » i jW. Jt 

ftoT^5*4» ^^^©ib^S^^C^ri^/c 
». tb^©{±5**5 ') -b » h B#tcjseiiifis l © b 1 1 » 
so fflmEvthi4ftort^*75^ft-,T^5. »)^«A# 
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^n-enODl/arC^fil^lEEvthi. Vth2 4&£ e L/c#o 

Q= C4 * (Vth2 - VcO) + C5* (Vth2 - Vs) + C6* (Vth2 ~ Vc2) 
VcO = Vth2 (2) 

[0 04 6] ^ar ccJBfffl-rcr* Y ? *sna 9M&*y l 
XX A y ^sw2»#«g«EvcaffliJ«:«a3ns o -e<Z)4 £ 
4>S«Klt«ig2 (DA^ffiiFmEE»j»i§gSc4Cc J: 0 vth2 
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H«ifOi3Ec>5, SfiC5^«Vth2-Vs<DS)E^, §fiC6 
(C^Vth2-Vc2-5x6tl5o C©4#S$**tlPsS2(3!)tt} 
;*>T* $> 0 £b$$?§ioocDA^3 4 & & Hff vcofct: L * OfilSlE 
vth2 4 tc 0 , 2 (DXt) F itt©*fif OfcEfc 



CD 



4 :b*» & J: 5 Cc , vcO ' tevcifc;** b T C5/C4© ^ > £ & 
o/dS$£{i-if 4&9 , Vci=Vs©4£CCL#t>ffimjEvth 
24&€> 0 S6CD^-Y $>^^^- hr^CCDC5/C4CD^r' 
-Y>£4 4 UT#9££r^0Tl>£ o 



Q' = C4*(Vth2-VcO*) + C5*(Vth2~ Vcl)+ C6*(Vth2- Vc2) 



(3) 



VcO' = Vth2-C5/C4*CVcl-Vs) 
[0 04 7] ^(4)CC^t^rVcl=\^(Di^tCVcO* = Vth2 
4 0 . C3&C tt Vthl-Vth2©«{4#IBtt 2 ft T I > 5 fc 
S&ttflsii 1 ©AASJBEtt L Svthli ft 



... (4) 

ac4{c - C5/C4* cvci • -vs) 4 c > 5 *r a s n & i 5 cc , 

f& S8lfflT3r#is«BEvt2^x^ ? ?Wt^{bLrvc2* 
«c«c o/ccb# © Jt«8<DA**0EVcO • ' tt, #^^EEvc2 
©SBE^f b#Vc2 ' - Vc23r - A Vc2 4 -T 4 4 «TO (5)3C 



VcO' ' = Vth2 - C5/C4* CVcl * -Vs) + C6/C4*A Vc2 



(5) 



[0 04 8] H6€C^-rJ:9CC. #J8SEEvc2«s>l ? 
^KCC^ffera 4**i AASEEvcOfcS 
Kl/cft'Xf7 7'^K)t K vc 0 * ' = vt h 2 4 ft o /c 4 

secifvitifisia^vcomptiJKiE-rs. c©sisfi#tt 

^-Y> K^ff^4>w2tcJ:D^>UiiS3ne^brT{4b' 30 

^ bm<D^v*m^<&uuft'pumftx%&-?2> 0 c<d 

ffl©^?^B»te«j$3ti5 0 ccDJ: ; 5^:Lr2^0D^ 
£0 

[0 0 4 9] «(S)***i3b3&>SJ:5«:#lRflBEvtal* 

C5/C4CT>y ^ > ^ ^ v #RgWEVc2«C6/C4(Oy -Y > 4> 
^VcOtCe^€> e 16©^ ^ $ >^^^- hr^C5/C4 40 

= 4, C6/C4= 1 4LT±{4tr > h4T{at*9 hcD^EE 
^'(§OM4 : liltt^, S2-t>S4CD|ISfi 

y"^S©J:b*^*>-&rc»S*^ ■C<0<£9fCK«#il6S£ 
^Lrlt«Sfc^**±ffl[fc:9 h4T[4t'^ FO#ffi(S 

S^iHi^A^i 2 o®#J(|«E««M*r & 2 m^m<D 
FO*J8WES:Jtesc[>A*8Becy-r >4Wt£i5 50 



[0050] [ »4 lOK^tt] 0 5 XtebttmiC 9a* 
Ccvco*A*bTl^fc*J. ^7 Cc^Tcfc 5 ftJBSC&cr* 

*B*a> OA*ttS«C4 (®3cr>^fi^^) CD, SIS 
K^x4>r-C*a®StliX Y ?p ^SW5 (f 3(DX^ 9 ^ 

1 (92(DS)KiWl^l!t) 4, CCDJSIfeiSiPIS 1 ©AfcH 
:0 0 5 1 ] C©Jt5tt»Jl8«CT*C4-C, H5Ti*2 
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> ^ f- > s;x * <£r*ffi £ Jt« u r §«(*&&© u w r 

/J^<r#£. O/c#^T07©*»j£3:fflt,>&i;£K:J: 

[0052] msmtmrni ct-itvmmt&.-cmuc 

D^&Zft 5 L #©# 9> £©>? a - y ir&tfah-t C t 

mm*m 8 tc^-r, m 8 «0 i rjd*t4tc»w htix t» 

£ A D^$>fl§©]£i&g £ 5 » ^[5JSg£ . 2 ^JCC 1 oi ^ 

tcWfcZmLtckoix'UbZ. wmmmumzm 1 ££ 
5»ie:£tcRt*&tiTt»s. $/c. AD^su©§a^© 20 

105© 2 nft<D&Jj*Z. A -j 3-USX-mWTL r . 2 5»J«C 1 
"3§;W6hfcA D^&g«t 2F'J#©-9->:?Vl'*_^ Kiel 

[005 3] t ©J: -5 &*gj&iC:fc>t,>T 1 ?f#©A 

£*T5fc«>K:tt> 0 3-?>0 6T-7f;Lfc£'<' 2 >y^ + - 

h^csecv i*¥^«5ra(cx-f ^^ii9^s^.r2 

@AD^gStf^.«^l». C©i-5(C-r^£^-/ , s>^e«j 
tcfj^n ^W*^{CL^W*i«)Ecf>^t»*J. AD 30 
S:gSSP©H8Sa«%tt« 1 /2 C £ #s-c# 

£. 3 64CAD^8>g|S£43WC 1 OitntJ, s?Uj>? 

mm* 1 /4fc-rs^»)^AD^gi5©i5is8^i^ 1 

8 t*y h©AD^&(C:tet>Tteg£*WC#tLT, ^O* 

f u - h * 1 / 8 £ -cTtf 6 n -5, tc&mtm t m c t> a 

U- h £81}$?- AD^&§P=&8?ijK:io 
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